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Statement of Disclaimer
Since this project is a result of a class assignment, it has been graded and accepted as fulfillment of the
course requirements. Acceptance does not imply technical accuracy or reliability. Any use of information
in this report is done at the risk of the user. These risks may include catastrophic failure of the device or
infringement of patent or copyright laws. California Polytechnic State University at San Luis Obispo and
its staff cannot be held liable for any use or misuse of the project.
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Executive Summary
The U.S. Department of Energy announced it will be hosting an international public competition called
the Solar Decathlon in Irvine, CA during October 2015 to showcase high-efficiency houses. Cal Poly
students created a team – Solar Cal Poly – to participate. Three mechanical engineering students joined
the team to work on the plumbing section of the competition. The team completed multiple iterations
and designs of the plumbing system within the Solar Cal Poly house as the house was designed and
redesigned. The construction and final design of the plumbing system will be decided by the
construction crew and architecture team within Solar Cal Poly. The mechanical engineering design was
selected with the intent to satisfy architecture design needs. There are cold and hot water PEX supply
systems, a code-compliant sprinkler system, and black and grey ABS waste systems designed for easy
hookup after transport to Irvine, CA.
In addition to architectural design needs, structural integrity, ease of assembly, safety, durability, head
loss, building code, and integration with other systems were all considered in the design of the system.
Of particular importance was integration with the Solar Cal Poly water systems team. This team
dictated use of the grey water captured by the plumbing system, and directly coordinated supply
conditions and requirements with our team. A black-grey connection valve was designed for the
plumbing system to easily divert water away from water systems as necessary. Sewage pumps were
designed into the system to allow flow into grey water and septic tanks above grade.
The entire system was designed for easy on-site hook up. To prevent need to travel underneath the
house during competition, all hook-ups were designed along the edge of the house, to connect to prelaid plumbing connections. Tanks were placed for easy access on-site. Plumbing supply lines and
sprinkler lines were analyzed to ensure they will supply adequate pressure and volume.
The following report details the design, build, test, and report process that the plumbing team
underwent to design the Solar Cal Poly plumbing system.
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Chapter 1: Introduction
Sponsor Needs and Background
The U.S. Department of Energy, one of the leading national organizations in energy conservation, wants
to increase public interest in high-efficiency building technologies. The D.O.E. has announced it will be
hosting an international public competition in Irvine, CA in October 2015 to showcase high-efficiency
houses. This competition is called the Solar Decathlon competition. Cal Poly students have created a
team – Solar Cal Poly – to participate. Solar Cal Poly will design, build, and operate a small zero-energy
house at competition. The house will be open to the public, and Solar Cal Poly will be responsible for
showcasing and maintaining the house for duration of the week of competition. After the competition,
the house will be stored on Cal Poly’s campus until it is sold to a homeowner for residential use.

Problem Definition
The purpose of this project is to design and produce a working plumbing system for the Solar Cal Poly
house within the limits of Department of Energy competition rules and restrictions. The plumbing
system must supply comfortable and reliable amounts of cold and hot water for the competition and
future buyer of the house post-competition. The system will also dispose of liquid waste, differentiating
between gray and black waste for reuse and disposal, respectively. Complete design and construction
documentation of the system will be completed and provided to Solar Cal Poly for submittal to the
D.O.E. Testing and system analysis and simulation will help ensure functionality and efficiency of the
design.

Objective and Specifications
The overall goal of this project is to create a functional, reliable, and efficient plumbing system that can
easily integrate into the Solar Cal Poly house design. The QFD (Quality Function Deployment) lists
customer requirements, as well as engineering requirements that will be tested upon construction of
our final design. The QFD can be found in Appendix A.
First, customer requirements were assigned weighted values in reference to importance to Solar Cal
Poly, the Department of Energy, and potential post-competition buyers. Then, values were assigned
based on the strength of the relationship of the customer requirements to the engineering
requirements. These values were used to determine important tests needed upon construction of our
system design. Other existing plumbing materials and systems were also considered with reference to
engineering requirements within the QFD. These existing products assisted in creating a baseline for
system performance. Finally, the Decision Matrix in Appendix A shows correlation of each engineering
requirement to other requirements.
This allowed us to determine related requirements and consider removing requirements with conditions
fulfilled with other requirements. Table 1 lists specifications and targets for this project determined
based on the results of the QFD.
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Table 1. Solar Cal Poly Plumbing Formal Engineering Specifications
Spec. #

Parameter Description

Requirements or Target

Tolerance

Risk

Compliance

1

Pipe Head Loss

20%

Max.

L

A

2

Pipe Flexibility

Hand bending w/o kinking

Min.

M

A,T,S

3

Centralized

Main controls in core room

Min.

M

A,S,I

4

Years Life

80

Min.

L

S

5

Durability/ Strength

Code requirements

Min.

M

A,S

6

Seal Quality

No Leaks

Min.

H

T,I

7

Corrosion Resistance

No serious degradation after 20 years

Min.

L

S

8

Temperature Effects

No system degradation/ other concerns

Min.

M

S

9

Common Usage

80% of plumbers familiar with system

Min.

L

T,S

10

Power Economy

No sharp bends in supply

Min.

M

A,T

11

Earthquake Safety

No catastrophic failure after magnitude 6.0 earthquake

Min.

M

A,I

12

Weight

reasonable human carrying load

Max

L

A,T

13

Number of Parts

minimum number of parts

Max

M

A

Each specification is associated with a target goal, a minimum or maximum tolerance, a risk level, and a
compliance. The target goal is the intended quantitative or qualitative limit of the design. The tolerance
states whether the target goal is a minimum or maximum limit. The risk level assesses the importance
of each specification to the design. The compliance lists possible types of tests to ensure each
specification has been appropriately met.
Some additional details of the projects specifications are as follows:
•

Controls of system should be centralized and accessible in the core mechanical room to allow
for easy access, organization, and display to the public.

•

System should appeal to many different house owners and markets to relate to the public and
any potential buyers.

•

Economic feasibility should be considered to provide a realistic system that Solar Cal Poly will be
able to afford and that the D.O.E. will be able to market to the public.

•

Documentation should be standardized to match previous D.O.E. competition documentation,
allowing competition judges, public, etc… to comprehend the plumbing system easily and
quickly.
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•

High efficiency plumbing is more difficult to implement in plumbing systems compared to other
building technologies, but should be considered as a significant concept within a zero-energy
house

•

High reliability plumbing is important in any house. Plumbing is an essential system for house
functionality, and failure is non-optional.

•

Plumbing system will comply with three different building code/regulation standards: D.O.E.,
International Residential, and state of California building code law.

•

System should be easy to assemble and maintain. Students associated with Solar Cal Poly will be
building the majority of the system, and will not have knowledge of complex soldering
techniques.

•

Pipe and pump noise should be at or below audible levels if possible, as to not interfere with
living conditions or public opinion of the house

•

System should incorporate elements of environmental sustainability. Sustainability is an
important consideration in the theme of Solar Cal Poly’s house design. The plumbing system
should also reflect this design whenever possible.

Project Management Plan
We will continue to collaborate closely with other mechanical engineering, architectural engineering,
and architectural teams to effectively design, document, and build the plumbing systems. We will fully
assist and help them as necessary to understand the plumbing system we have designed.
Our team meets many times each week in order to manage and foster teamwork. We currently meet
Tuesdays and Thursdays 8:00 a.m. - 11:00 a.m. for mechanical engineering team meetings. Additionally,
all Solar Cal Poly teams (mechanical engineering, architecture, architectural engineering, etc...) meet
Sundays. Other meetings occur throughout the quarter as necessary, such as a recent meeting between
our plumbing team and architectural engineering structural team.
Our plumbing team has worked hard in order to create a passionate, supportive, fun, and helpful
environment. In most cases, each individual is free to follow their passion as work items arise. In the
case that there an individual is not completing adequate work, the other remaining plumbing members
will discuss their concerns, and ask for more commitment from the individual. We have yet to
encounter this issue. A detailed timeline can be found in the Gantt chart in Appendix F.
The following (Table 2) is a summary of individual team member responsibilities.
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Table 2. Team Member Responsibilities
Team Member
General

Chris

Rob

Tyler

Task
Allow individuals to complete tasks they are passionate about
Advise and ask for further commitment if needed
Meeting Coordinator
send out group texts to inform and for meeting time confirmation
Piping and Instrumentation Diagrams Lead
work to put together piping and instrumentation diagrams similar to those
published by Czech Technical University and University of Vienna
Documentation Management
Store, scan, print, and distribute paperwork as necessary
Plumbing Code Lead
research code, specifications of piping/parts, design plumbing systems to meet
code
Treasurer
complete financial documentation as necessary
Revit Lead
build 3-D models of the plumbing system designs
carry out simulations, simulation analysis, and verification
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Chapter 2: Background
Our first consideration when conducting research for Solar Decathlon plumbing design was to note
systems that were previously designed by other teams. Each previous team that has participated in the
Solar Decathlon has designed, built, and tested their own plumbing system. There are three teams that
we chose to research. These teams competed in 2013 under the names Czech Technical University,
Team Austria (Vienna University of Technology), and Team Las Vegas (University of Nevada, Las
Vegas). All three of the teams placed highly in the Department of Energy Solar Decathlon engineering
contest. Additionally, the house design of Team Las Vegas shares similarities to the Solar Cal Poly house
design.
First, we considered the Czech Technical University plumbing design. They provided many detailed
schematics, including fire detection and alarm, fire suppression plan, plumbing symbols and notes,
domestic water supply plan, domestic waste plan, domestic water supply diagram, and domestic waste
diagram. The domestic water supply diagram and domestic waste diagram are both piping and
instrumentation diagrams, while the other schematics (other than plumbing symbols and notes) are
drawn relative to the floor plan. Czech Technical University decided to use a whole-house manifold
system (further detailed under Background > Pipe Layout), with ¾” PEX for both hot and cold supply
lines, each running into a separate manifold. There are individual ½” PEX sub-lines that then run to each
appliance as necessary. Waste is carried separately from gray water and black water appliances through
two separate plastic piping (high temperature resistant) lines to a gray water and septic tank,
respectively. There is a connection point underneath the house to divert gray water into the septic tank
as needed. Fire protection systems are integrated into the house using an independent water tank and
pump, separate from the potable water supply line. Sprinkler heads are designed to trigger
automatically, and cover most of the living area other than toilet and exterior porch. CPVC piping lines
are used to supply water to the fire sprinklers.
Next, we reviewed the Team Austria plumbing design. Team Austria provided schematics of domestic
supply, domestic return (waste), plumbing sections, fire detection and alarm, sprinkler coverage plan,
and fire protection piping. However, both the schematics and the project manual provided by Team
Austria are vague. While the supply diagrams seem to indicate a straight, trunk and branch type piping
system design (further detailed under Background > Pipe Layout), Team Austria only identifies piping as
“domestic water piping” or “sanitary waste and vent piping”. The septic, gray water, and potable water
tanks are all located underneath the deck. Team Austria uses a waste pipe running from the gray water
tank to the septic tank to divert gray water as needed. Fire protection uses water from the potable
water tanks, and eight sprinklers located throughout the house provide coverage to the majority of the
floor space. Unfortunately, Team Austria does not provide more detailed plumbing design.
Finally, we analyzed the Team Las Vegas plumbing design. The design included the same detailed
schematics as Czech Technical University. Additionally, Team Las Vegas included piping elevations for
the mechanical room. Team Las Vegas used a trunk and branch layout (further detailed under
Background > Pipe Layout) for their house with 1” PEX piping main lines and ½” PEX piping appliance
lines for both the hot water and cold water supply. The return lines alternate between 3” and 2” PVC
depending on the connected appliance. All the vents are 2” and the common gray water line for the
bathroom area is 3” running into the gray water storage tanks. There was no noticeable way to divert
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gray water to the septic tank. The fire protection system has 1” lines and sprinklers dispersed
throughout the house to effectively suppress fires.
Overall, each team had their own separate design, with some similar elements between all three. All
teams had relatively similar waste systems, using plastic piping such as PVC or ABS. PEX was commonly
used in supply lines, with larger main lines, and smaller individual appliance lines. Schematics were also
relatively similar, with supply, waste, fire detection and alarm, sprinkler coverage plan, and fire
protection piping provided by all teams. Team schematics for Team Austria, Czech Technical University,
and Team Las Vegas, respectively, can be found in Appendix G.

Pipe Layout
There are four different systems used in piping layout 1 (Figure 1). These layouts are called the trunk and
branch system, the core system, the whole-house manifold system, and the demand-initiated
recirculation system. Each has advantages and disadvantages. The trunk and branch system has one
long, large pipe that runs from the water heater to the farthest fixture in the house, with smaller,
individual fixture pipes that run from the trunk to appliances. This system is very common and usually is
most efficient in smaller homes. The core system is similar to the trunk and branch system, but requires
plumbing areas to be placed near the hot water heater, as a core unit. This improves the efficiency of
the trunk and branch system, but is very dependent on the house layout. A whole-house manifold
system runs appliance piping from a central core splitter, or manifold, to many different
appliances. This can decrease efficiency and is most useful on larger homes. However, because each
appliance has a less water will need to be moved through the line. These manifold systems often utilize
PEX piping, taking advantage of its flexibility, thus reducing the amount of fittings required in the
system. Finally, demand-initiated recirculation systems circulate water as needed in order to provide
hot water faster. This can reduce water waste and save time. However it also decreases efficiency, as
the energy used to heat the water is constantly being lost to the local environment.

Us Environmental Protection Agency Watersense Program. "Guide for Efficient Hot Water Delivery
Systems." WaterSense® New Home Specification Guide for Efficient Hot Water Delivery Systems,
Version 1.2 (n.d.): n. pag. Http://www.epa.gov/watersense/. WaterSense®. Web.
<http://www.epa.gov/watersense/docs/hw_distribution_guide.pdf>.

1
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Figure 1. Common Piping Layout Designs
A trunk and branch system uses less pipe than a manifold system but because the trunk line size is
larger, more water will need to be moved for hot water to reach an appliance. This larger pipe size also
requires a more powerful pump to pressurize the water column, which in turn raises the cost of the
system.

Pipe Material Selection
One of the defining aspects of a plumbing design is the selection of piping material. There are several
different types to choose from, each with their own distinct pros and cons. The team devoted time to
carefully select the most effective materials for the correct design specifications. The materials
researched are listed in Appendix A and in Table 3.
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Table 3. Pipe Material Pros and Cons
Material

Pros

Cons

PVC (Polyvinyl Chloride Pipe)

•
•
•
•
•
•

Used to transport high pressure water
Size ranges from ½ inch to 4 inch diameter
Low cost
Glue connections
Corrosion resistant
Strong

•

Can only transport cold water (< 140 °F1)

CPVC (Chlorinated Polyvinyl
Chloride Pipe)

•
•
•
•
•
•
•

More flexible and thinner than PVC
Moderate cost
Handles both hot and cold water
Small outer diameter (equal to copper pipe)
Glue connections
Corrosion resistant
Strong

•

More expensive than PEX

PEX (Polyethylene Pipe)

•

Higher heat resistance than most other
plumbing pipe
Flexible and easy to assemble
Often used in water based heating systems
Moderate cost
White, blue and red colors available
Higher flexibility leads to less required fixtures
o Lower minor head loss

•

More expensive than PVC

Most common type of piping used in residential
homes
High resistance to corrosion and high
temperature
Long life
Come in rigid and flexible subtypes

•

More expensive than plastic piping (PEX,
PVC, CPVC)
Most difficult assembly, requiring soldered
fittings

•
•
•
•
•
Copper

•
•
•
•

•

Stainless Steel

•
•

Long life (50 years)
Highly resistant to corrosion, temperature and
salt water

•

Most expensive material

ABS (Acrylonitrile butadiene
styrene)

•

Used in drain-waste-vent pipe systems and
sewer systems
Highly durable with high impact strength
Higher impact strength than PVC

•

Can deform under direct sunlight

•
•

Line Sizing
The website 2 by plumbing basics was used as a general resource in the design and sizing of our plumbing
lines. Especially that of the return system and the main trunk of the trunk and branch system. There
were two useful tables which provided useful information for the sizing of the return piping. The tables
"Plumbing." . Learn How to Do the Plumbing Yourself and save Money. N.p., n.d. Web. 13 Nov. 2014.
<http://www.plumbing-basics.com/>.

2
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converted plumbing fixtures into units of discharge and table showed the minimum size for the
discharge pipe with different unit loads.

Residential Sprinkler System
The team found that the system had to adhere to the standards and protocols outlined by the National
Fire Protection Association (NFPA) Standard for Installation of Sprinkler Systems for One and Two-Family
Dwellings and Mobile Homes, NFPA 13D. The Cal Poly Fire Protection Engineering department has
generously provided our team with academic use of the NFPA 13D standard. Because of its extreme
importance, the residential sprinkler system has to be approved and signed off by a professional
engineer (PE) to be satisfy the California Building Code and International Residential Code. Some of the
codes expressed by the NFPA 13D standard included the following. See Table 4 below.
Table 4. Distance Regulations for Sprinkler Systems
Sprinkler to Heat source

Minimum Distance

Notes

Surfaces of ranges and wall ovens

1'-6"

Lateral distance

Edges of Fireplaces

3'-0"

Lateral distance

Front of Fireplaces

5'-0"

Lateral distance

Surfaces of hot air flues

1'-6"

Lateral distance

2'-0"

Lateral distance

Un-insulated heating ducts
Un-insulated water pipes
Edges of a ceiling mounted hot air diffuser

The team found that sprinkler system design is dependent on the type of sprinkler head, piping, and
design pressure used. Several styles of pendent and horizontal sidewall sprinkler heads were considered,
with the team deciding upon the use of the Concealed Pendent style. This design is completely
integrated above the drop ceiling so that only the flat cover plate is visible before deployment. This low
visibility was considered an appropriate stylistic choice that fit into the plan set by the architects without
sacrificing functionality.
The recommendations of the NFPA 13D were used to correctly size the sprinkler lines, properly position
the sprinkler heads. When working with the sprinkler the position is based on the data provided by the
Viking Corporation for the Concealed Pendent Sprinkler the VK457 for the coverage of each sprinkler
head at various pressures and flow rates. The NFPA 13D has a Prescriptive Pipe sizing calculation the can
be used to obtain the maximum distance from the supply source for a line size and type.
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The team found that there are three different layouts for fire sprinkler systems: branched, looped, and
networked. The branched system is the simplest and utilizes the least amount of piping but also has the
highest amount of pressure losses. A looped system has a main loop on which sprinkler head are located
or shortly branch off from. The looped system provides better system performance because the water
has two flow paths to take to get to the triggered sprinkler head(s). Finally, in a networked system all the
sprinkler heads are interconnected with each other. This results in the most hydrodynamically efficient
system but also uses the most amount of piping.
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Chapter 3: Design Development
Design Considerations
Plumbing system design is highly dependent upon the environment and requirements in which the
plumbing system is installed. This includes house layout, client preferences, building code, and
geography. These requirements have limited the scope and freedom of the plumbing design. As a result,
we have used thorough ideation and sketches focused directly on exploring the effectiveness and
viability of different sub-sections within the plumbing system design. The sub-sections discussed include
supply pipe layout, and piping material, heat recovery system, grey and black waste lines, sprinkler
system, and hot water tank design.

Limiting Requirements
There have been several limiting requirements considered during design development. First, we wanted
to develop a system that accounts for house layout. The majority of the outer envelope of the Solar Cal
Poly house uses SIP (structurally insulated panel) walls. These walls are filled with insulation and thus
unable to accommodate plumbing piping. This meant that we will only be able to run piping through
internal walls or through specific, un-SIPed external locations.
Second, we wanted to consider client preferences and requirements. Solar Cal Poly is constructing the
Solar Decathlon house in San Luis Obispo, then separating the house into sections, transporting the
house to Irvine, and reassembling the house in Irvine in several days. This means that the plumbing
system must be easily assembled, disassembled, and reassembled. Solar Cal Poly wants to emphasize
overall house design. The architecture team wants a specific layout of the house. This has further
limited our plumbing design to fit the architecture team’s layout. The water systems team wants to
utilize gray water. This means that gray water will have a separate waste pipe.
Third, building code has restrictions on system designs. We are following Department of Energy Solar
Decathlon code, California State Building Code, and International Residential Code. Waste piping must
be certain sizes, with vents located in certain areas. Certain pipes are not allowed to carry hot
water. Certain junctions are not allowed at certain locations. In general, building code is as restrictive
as possible. This helps prevent injuries and ensure safe practices. We will meet building code
regulations, and work within building codes to develop safe, effective, and efficient plumbing design
concepts.
Finally, geography imposes some limits. Both supply pipes will be insulated to prevent
freezing. However, freezing is not common enough to require a circulation system. Sunlight is
abundant, promoting solar heating and limiting hot water heater design.

Supply Pipe Layout
We considered and compared several different pipe layout design concepts for plumbing supply piping.
First, we worked on creating supply layout ideas and solutions. We considered four different layout
options, known as trunk and branch systems, core systems, whole-house manifold systems, and
demand-initiated recirculation systems (further detailed under Background > Pipe Layout). After
generating these ideas, we immediately screened the ideas to make sure they met our limiting
requirements. The core system was eliminated, as it was impossible to implement with the floor layout
the client desired. Additionally, the demand-initiated recirculation system does not meet client
preferences. Therefore, we were able to eliminate two options through customer requirements and
18

proceeded to idea selection between the trunk and branch system and the whole-house manifold
system. We used sketches of the trunk and branch and whole-house manifold systems as shown in
Figure 2 and Figure 3, respectively, to better visualize and thoroughly define the different ideas.

Figure 2. Preliminary Trunk and
Branch System Design

Figure 3. Preliminary Whole-House Manifold
System Design

The trunk and branch system supplies hot and cold water to appliances through a large, main
line. Smaller hot and cold lines then branch off of this line to respective appliances. The whole-house
manifold system supplies water to a single, main hub (located in the western core in this house) from
which smaller hot and cold lines each travel throughout the house to their respective appliances. This
design would encompass a double manifold in the mechanical room and then a large network of hot and
cold lines to each appliance.
Although research and many examples of similar houses indicate that trunk and branch is a better
option for our plumbing design in the Solar Decathlon house, we decided to use additional structured
selection techniques with reference to customer requirements and engineering specifications to confirm
which system was more appropriate. Several key customer requirements, as identified in both “Chapter
1: Introduction”, sub-section: “Objective and Specifications” and also by the QFD (Appendix A) include
cost, ease of assembly (assembly, disassembly, and reassembly), and efficiency.
We compared relative cost of the systems in Table 5 34. Although both systems are relatively cheap, the
trunk and branch systems is still cheaper.

"PEX Tubing." , Plumbing , Aquapex Tubing , PEX Pipe. N.p., n.d. Web. 18 Nov. 2014.
<http://www.supplyhouse.com/PEX-Tubing-516000>.
4
"Home Improvement Made Easy with New Lower Prices | Improve & Repair." Home Improvement Made
Easy with New Lower Prices | Improve & Repair. N.p., n.d. Web. 18 Nov. 2014.
<http://www.homedepot.com/>.
3
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Table 5. Price Comparison between Trunk and Branch and Whole-House Manifold systems
System Type

1/2" Pex (ft) ($/ft) [1] 3/4" Pex (ft) ($/ft) [2] 1" Pex (ft) $/ft [2] Total ($)

Trunk & Branch 3/4" 49

0.36

37

0.61

0

1.24

40.32

Trunk & Branch 1"

67

0.36

0

0.61

37

1.24

70.00

Manifold

384

0.36

0

0.61

0.00

1.24

138.24

Additionally, the sketches shown in figure 2 and figure 3 indicate that complexity, number of parts, and
overall weight of the trunk and branch system is lower, indicating that the trunk and branch system will
be easier to assemble and disassemble. Finally, the amount of piping, length of pipes, and layout of the
two designs indicates that the whole-house manifold system would be less efficient than the trunk and
branch system in the Solar Cal Poly house. These specifications are quantified into a decision matrix in
Table 6.
Table 6. Pipe layout decision matrix (high values indicate better fulfillment of requirement)
Applicable Engineering / Customer Specifications

Trunk and Branch

Whole-House Manifold

Weight

3

1

Number of Parts

4

2

Complexity

4

1

Cost

4

2

Efficiency

3

4

Total

18

10

The trunk and branch system is more effective in several ways. It limits the amount of required supply
piping, allowing for easy assembly and increased efficiency. This also makes the system less invasive
towards other teams, by organizing and consolidating the system. It lowered the cost of the system that
would have been generated by more PEX piping and larger complex manifolds. The cost analysis
generated by the team can be seen in Table 5 above.
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Piping Material
Piping material is very important to our plumbing system design. It affects customer requirements (ease
of assembly, efficiency), engineering specifications (strength, reliability), and building code (allowable
pipe materials for waste, hot water). In order to determine what materials we would use, we first used
ideation to list different materials, and the pros and cons of using each one. This process is shown in
chart form in Appendix A. We then proceeded use the QFD, as shown in Appendix A as a structured
selection technique to select the best piping material, based on the customer requirements and
engineering specifications. For greater reference detail, please refer to the QFD in Appendix A.
Using structured QFD selection, PEX piping was selected for use in the hot and cold supply lines. PEX’s
maneuverability and relative cheapness were superior to other options. In addition, PEX’s ability to deal
with a range of water temperature and simple installation helps facilitate its use in residential settings.
ABS plastic was selected for use in the waste lines. ABS is very commonly used in waste lines. It was
chosen because of its cheapness, reliability, ease of assembly, and ability to deal with temperature. ABS
also has a better impact strength than PVC. ABS can deform under direct sunlight; however, because the
ABS waste lines are contained below the house, this risk is minimal.

Heat Recovery System
After research and consideration of various shower, HVAC, and other related heat recovery systems, it
was determined that a heat recovery system wasn’t practical for the Solar Cal Poly house. The lack of
large quantities of gray water that could be used for heat exchange, and the presence of a solar hot
water heater, which would already provide nearly all of the house’s hot water needs were both major
factors in this decision. A heat recovery system will not provide enough benefits to meet client
requirements.

Gray and Black Waste Lines
There are several limiting coding specifications for gray and black waste piping. The slope required for
horizontal waste lines depends on its diameter. Horizontal waste lines 3 inches in diameter or less
require a slope of ¼ inches per horizontal foot. Waste lines that are 4 inches in diameter or larger only
require a slope of ⅛ inch per horizontal foot 5, but are usually avoided and often require approval for
use. As clearance below the house was an important factor in the design of the waste lines, we
considered the viability of using wider, 4 inch waste piping for the horizontal section of the waste lines.
When analyzing the details of the house layout provided by Solar Cal Poly, we determined that the black
line will travel a horizontal distance of 34.40 feet. With 3 inch piping requiring ¼ inch per foot grade, this
distance produced a minimum vertical drop of 8.60 inches. With 4 inch piping requiring ⅛ inch per foot
grade, the distance produced a minimum vertical drop of 4.30 inches.

"CALIFORNIA PLUMBING CODE." CALIFORNIA PLUMBING CODE (n.d.): n. pag. CALIFORNIA
PLUMBING CODE. Sanbruno.ca.gov. Web.
<http://sanbruno.ca.gov/comdev_images/california_plumbing_code.pdf>.
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The vertical clearance between the bottom of the floor joists and the asphalt grade of the Irvine public
competition is limited to 11.5 inches. As seen in Figure 4, the distance between the top of the floor and
the pavement is 20 inches. Because the structure of the floor is 8.5 inches thick, it leaves the plumbing a
distance of 11.5 inches of space to work with. This means that all pipe specifications in the plumbing
gray and black waste designs, including p-traps, junctions, vertical grade requirements, and real
diameter would need to fit within 11.5 inches of clearance. Additionally, after reaching the mechanical
room, the waste will still need a minimum of 15 inches of clearance to drain into the septic tank located
on the left of the property. Therefore, neither piping diameter will match the problem. A waste pumping
system will be needed.

Figure 4. Schematic of Floor Structure of House
We decided to use a black and gray waste line of 3 inches, with a drop of ¼ inches per 1 foot. This
decision was made to negate risk of special documentation, required approval, or criticism from the
Department of Energy for using a non-standard 4 inch waste line.
The required waste pump will be located below the porch. It is a Saniflo brand 6, and Saniswift model
type pump. It will provide increased versatility and freedom during the construction and operation of
the Solar Cal Poly house.
The gray line travels a much shorter distance, as it does not begin in the kitchen. Instead it starts in the
bathroom, travels a much shorter distance and exits through the southern side of the core and makes its
"Saniflo SaniSWIFT | Gray Water Pump." Saniflo Depot. Saniflo, n.d. Web. 5 Nov. 2014.
<http://www.saniflodepot.com/products/saniflo-saniswift-gray-water-pump>.
6
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way to the gray water constructed wetlands. The gray line is 3 inches in diameter and made of ABS
plastic like the black line.

Plumbing Design Iterations
Despite the team’s approach to the design process, there were three design iterations that occurred
over the course of the design process. At first, we spec'd out a simple trunk and branch system. Next,
the design improved and detailed as materials, diameters, and preliminary dimensions were specified.
This was mostly limited by client requirements and build code limiting requirements. The second design
iteration can be viewed as sketches in Appendix A.
Finally, we transferred our design into Revit. The most current design iteration is shown in the Revit
documents in Appendix B. The hot supply is shown in red, while the cold supply is shown in blue. Both
the black and gray waste lines are shown in green. The sprinkler system is shown in black.
The final design selected is a trunk and branch system with smaller manifolds located below the
bathroom and kitchen to supply hot and cold water to appliances. The trunk supply lines are ¾” inch
diameter PEX, while the individual offshoots / branches are ½ inch diameter PEX pipes. The main black
and gray return lines are 3 inch diameter ABS while the vents and most of the returns from most
appliances are 2 inch diameter ABS, as required by code.

Revit Testing Procedure
Most of the technical analysis required to justify the plumbing design can be performed in Revit.
Therefore, to ensure sound engineering principles, the team decided to create a quantitative test model
and check the accuracy of the pressure loss calculations prior to conducting the tests in Revit. The
simple plumbing design shown in Figure 5 was drawn in Revit. The design consists of a hot and cold
water supply to a two basin sink. The team used the cold water line as their testing sample. The cold line

Figure 5. Revit test model
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started from the origin, extended 10 feet in the x direction, then traveled 10 ft in the y direction, and
finally traveled 4 feet vertically in the z direction.

The system was modeled as PEX tubing with the characteristics shown in Table 7. The sink portion of the
schematic was ignored, and instead the team used the model to determine the pressure drop from the
start of the pipe to the end of the pipe. The simulation utilized a flow-rate of 15 GPM through the tube
with a constant relative roughness of 0.00006 at steady state. The flow-rate was converted to a velocity
of 6.19 ft per sec through the 1 inch diameter system
Table 7. Properties for Revit test model
Item

Material Relative Roughness Inner diameter (inch)

PEX tubing

PEX

.00006

1

90 degree generic elbows (1 in Nominal radius) PEX

.00006

1

The pressure loss report generated by Revit is shown below in Figure 6. The team discovered that the
pressure drop was relatively small; equal to 3.00 psi from the beginning to the end of the pipe. The
majority of the drop was caused by the pipe itself, which was based on the major head loss of the pipe.
There was also a substantial drop caused by the two 90 degree elbows.

Figure 6. Revit pressure loss report simulation for test model
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The next step in the process was to create a hand calculation to check if the values produced by Revit
were accurate. The team created a simple problem that was subjected to the same flow-rate of 15 GPM
as the Revit model. The hand calculation used Bernoulli's equation to determine the pressure drop
between the start and end of the line. As shown in Figure 6, the program calculated the major and
minor head loss and then plugged them into the Bernoulli's equation with other parameters to calculate
the pressure drop.
The hand calculation (Appendix E) yielded a pressure drop value of 2.88 psi. This pressure is close to the
value produced by Revit, and confirms the feasibility of using Revit to simulate head losses. The percent
error between the two calculations was 4 %, which is close enough to the Revit value to continue with
Revit as the primary testing apparatus.
Now that Revit has been proven accurate, the next step is to complete the necessary detailed analysis
for the entire plumbing system. This will include pressure drop calculations of the hot and cold supply
system at critical moments, such as when all taps are engaged. These simulations will both effectively
model everyday usage of the plumbing system, and also provide valuable tool and concept evaluation of
worst case scenarios. A 3-D Revit model has been created and drawing views can be seen in Appendix B.

Fire Suppression System
The fire sprinkler system had a few different iterations as the final plan of the house changed. Firstly a
branched system with all VK476 flush pendent sprinklers, then a combo of the flush pendent sprinklers
and horizontal sidewall sprinklers, then a looped system with all sidewall sprinklers, finally a branched
system with all concealed pendent sprinklers, further discussed in the Final Design section of the report.
The fire suppression system went through a few different iterations before settling on our final design.
The first design was a branched system of VK476 flush pendent sprinklers. The selected system design
flow rate and pressure was 13 gallons per minute (gpm) and 7 psi. This was the lowest design pressure
and flow rate for the sprinkler heads and was selected because we elected not to design the fire
suppression system with an additional booster pump if possible. As per the technical documentation for
the Viking VK476 flush pendent sprinklers, this design flow rate and pressure resulted in sprinkler
coverage of 16 x 16 feet per sprinkler head. With this coverage area, 7 sprinkler heads were required to
fully protect the interior floor space of the house. These sprinkler heads were arranged as shown in the
Appendix A with 2 sprinkler heads in the private and public living spaces, respectively, and 1 sprinkler
head in the bathroom, kitchen, and mechanical room, respectively.
To confirm a branched sprinkler system would effectively work for our house. We performed two
calculations, referenced in Appendix E. Both calculations were performed with PEX piping and the design
requirements of the Viking flush pendent sprinkler. The first calculation was the Prescriptive Pipe Sizing
calculation given in NFPA 13D. This method totals up the pressure losses in the system and uses the
remaining pressure head in Table 10.4.9.2 to determine the allowable length of pipe from service valve
to farthest sprinkler. First we performed the calculation with a ¾” diameter pipe and determined the
maximum allowable length of pipe to be 38 feet. The actual distance from the service valve to the
furthest sprinkler is 65.5 feet. Thus, by this calculation a ¾” pipe diameter is not sufficient for the
sprinkler system. We performed the calculation again with a 1” pipe diameter and determined the
maximum allowable length of pipe to be 220 feet. Thus our branched sprinkler system will provide
sufficient pressure to the fire sprinklers.
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The second calculation utilized the Hazen-Williams Equation to calculate major head loss in the pipes. As
per NFPA 13D we chose two sprinklers as our design load. We chose the sprinklers in the living space as
they were the furthest from the service valve. By starting at the furthest sprinkler and working back
towards the service valve we can determine the pressure loss in the system when two sprinklers are
operating. First we ran the calculation with a ¾” diameter pipe and determined that there would have
53 psi of losses for this design case. With a supply pressure of 50 psi this line size is not sufficient. So we
performed the calculation again with a 1” pipe diameter in the system and determined we would only
have 16 psi of pressure loss. Thus reconfirming what the prescriptive pipe sizing calculation told us.
Hydraulic calculations for fire sprinkler systems are not supported in Revit so we relied on the hand
calculations detailed in NFPA 13D.
Because low visibility of the sprinkler system is a major design requirement from the architecture and
interior design team the sprinkler lines will branch off the cold water supply line in the mechanical room
and go up to ceiling level. Then the lines will reside in the side walls of the core and branch out to the
public living space and private living space following the ceiling joints. A cross section of the sprinkler
and ceiling joist plan is shown in Figure 7.

Figure 7. Cross sectional view of ceiling joist with spacer and fire sprinkler line.
With a 13 gpm flow rate and 7 psi pressure supplied to the Viking flush pendent sprinklers a coverage of
16 X 16 feet is achieved. The spacing of the ceiling joists in the public and private living spaces as shown
in structural drawings in Appendix B allows for proper spacing of our sprinkler heads to provide full
coverage to the living areas.
The next system we considered was a system with both pendent and horizontal sidewall sprinkler heads,
with Tyco flush horizontal sidewall sprinkler heads. This was due to the added clerestory window at the
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top of the north wall of the core and the added ventilation bar in the core. This resulted in a change
from the bathroom and kitchen sprinklers to horizontal sidewall sprinklers. The overall layout remained
the same as the first design iteration.
Our third design iteration happened after talking with the Fire Engineering Department Head, Fred
Mower. He suggested to consider a looped design since the existing system was almost a looped system
throughout the core. In order to confirm that the looped system would be effective, the branched
system NFPA 13D Prescriptive Pipe Sizing calculation from the previous systems was used. In order to
effectively cover the interior of the house, a 20 x 20 foot coverage was required. The layout for this plan
can be seen in Appendix A.
The design pressure and flow rate for this was as follows. The calculation for the system can be seen in
Appendix E. Due to the higher efficiency of a looped sprinkler system meant that the branched system
would work. However, due to the higher required pressure and flow rate through the sprinkler heads to
achieve adequate coverage, a change from PEX piping to CPVC Blazemaster piping would be required.
Ultimately the architects vetoed this plan because they did not want to use horizontal sidewall
sprinklers due to their somewhat greater visibility.
For all designs except for the looped system, the fittings we utilized were SharkBite push fit and barb
coupling. Due to the confined nature of the sprinkler system more fittings were necessary than for the
supply lines. However efforts were made to minimize the fittings to minimize the pressure losses due to
minor head loss. There are three 1” push fit tee fittings, five 1” barb elbows and reducing elbows. The
sprinkler heads all had ½” threaded connections so the line size needed to be reduced from 1” to ½”.
This was accomplished in two reduction stages. The reduction occurred as close to the sprinkler head as
possible so as to reduce major head losses from the increased fluid velocity in the pipes at the smaller
line sizes.

Hot Water Tank
Our water system will utilize a closed-loop solar water heating system as the primary source of hot
water. Through ideation of different ways to ensure constant hot water temperature, we decided to
select a smaller electrical heater as a supplement to the solar hot water heating system. Originally we
planned to include an instant hot water heater after the hot water tank but after discussions with
Professor Shollenberger we changed to a Rheemglas Fury 81V-80HE-1 hot water heater with hook-ups
for an external closed-loop heating system. As Solar Cal Poly already has the Rheemglas Fury tank 7 on
campus, we decided the reduced cost and customer requirements justifies using the Rheemglas Fury hot
water tank in the Solar Cal Poly house.

"Fury Rheemglas® Electric Water Heater - Products." Fury Rheemglas® Electric Water Heater Products. N.p., n.d. Web. 18 Nov. 2014. <http://www.rheemmfg.com.sg/our-products/floor-mountedwater-heaters/fury-rheemglasr-electric-water-heater-double>.
7
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Chapter 4: Final Design
Overall System Description
The final design of the Solar Cal Poly plumbing system was split into four different subsystems:
•
•
•
•

Cold water supply
Hot water supply
Return/Waste lines
Fire Suppression system

Cold Water Supply
Description
The cold water supply subsystem (Figure 7) is responsible for transporting clean, cold water from the
supply tank and supply pump (designed by water systems Solar Cal Poly team) throughout the house.
The cold water supply system consists PEX piping, insulation, PEX clamps, and various fittings.

Figure 8. Cold water supply subsystem Revit model

PEX Piping
PEX piping will consist of three sizes of pipe. First, a large 1” pipe will be used from the tank to the utility
room. Then, within the utility room, the cold water piping will branch off towards the cold water
appliance line, the water heater inlet, and the hose bib. These three branches will consist of ¾” pipe.

28

Finally, as the ¾” cold water supply line passes appliances, ½” piping will be used to run from the ¾”
pipe to individual ½” appliance lines.

Insulation
Insulation will be used whenever possible in cold water pipes to prevent potential freezing in cold
climates, and unnecessary low-level heat draw in hot climates. This is not an important feature of cold
water piping, but still has been taken into consideration and implemented.

PEX Clamps
PEX piping needs special considerations when being connected to fixtures. PEX clamps will allow ease of
assembly while still achieving required durability and functionality. All PEX piping will be secured to
fixtures using PEX clamps.

Fittings
Fittings on the cold supply line will be kept to a minimum. PEX can be connected to Plastic Polymer PEX
Pipe 90-Degree Bend Supports which can be used to replace normal 90 degree elbow fittings. These
bend supports are available in 1”, ¾”, and ½” diameter increments, which allows the team to utilize
them in many different locations along the line. This lack of fittings also decreases the head loss due to
fixtures, and creates a more effective and energy efficient system.
Fittings will be used in several places. When there needs to be an offshoot from the main line to supply
a specific appliance with cold water, a tee fitting will be utilized. ¾” to ½” Tees will be placed in three
locations below the bathroom to supply the shower, bathroom sink and toilet. The toilet tee will actually
never be connected and will instead be capped during competition. This is because the toilet doesn’t
need to be connected during competition.
Because cold water is only required to be supplied to one fixture in the kitchen; the sink, the last tee
under the bathroom will connect the ¾” mainline to two ½” offshoots. The second ½ connection will
travel from the edge of the bathroom below the kitchen and up through the island to the kitchen sink.
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Pressure Drop Simulation
In order to make sure that there wasn’t excess pressure drop throughout the system, a simulation was
created in Revit using models of the plumbing system to check maximum pressure drop. Excess pressure
drop can limit the volume and velocity of the water as it exits various fixtures. Many fixtures require a
certain amount of inlet pressure. The simulation determined the critical path, and its pressure drop. The
critical path is shown by the red arrows overlaid on the Revit model in Figure 9. The corresponding
pressure loss is documented in Table 8.

Figure 9. Revit simulation of pressure drop along the critical path of the cold water supply line.

The critical path starts at the west end of the core. It travels along the length of the core, and then
branches off to the toilet. This critical line produces a pressure drop of 31.12 psi which seems a little
high. However, this drop is negligible compared to the 50 psi supply pressure, so it is within range.
Another consideration is that the toilet isn’t hooked up during the competition.
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Table 8. Hot Water Supply with Toilet Pipe Pressure Loss Report.

Figure 10. Cold water supply Revit simulation denoting pressure drop critical path. No toilet pressure.
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To test the critical path without the toilet, another simulation was run, as shown in Figure 10. It can be
seen that the critical path is very different when the toilet is removed from the simulation. The critical
path now travels all the way down the central core to the kitchen sink on the far end. The
corresponding pressure loss report is shown in Table 9. The maximum flow rate decreased from 11
GPM all the way down to 8 GPM which is a more realistic number. As shown in the updated pipe
pressure loss report shown below, the new pressure drop is a much more manageable 16.48 psi. This
large difference between the two models is caused by the fact that the toilet is modeled with a flush
valve, which increases flow rate by a large margin.
Table 9. Hot Water Supply without Toilet Pipe Pressure Loss Report

Flush value toilets, also known as tank-less toilets, rely on pure water pressure from the supply line to
flush the contents. This differs from a standard flush tank toilet, where the contents are flushed by
slowly pumping a large amount of water into a tank located above the bowl, and then allowing gravity
to flush the toilet. The difference in pressure drop between the two systems is understandably large,
with the flush value requiring a much larger drop in pressure to operate effectively. For the purposes of
the DOE competition the system is designed on the criteria that the toilet isn’t hooked up to the system.

Hot Water Supply
Description
Similar to the cold water supply subsystem, the hot water supply subsystem is responsible for
transporting clean, hot water from the hot water tank throughout the house. The hot water supply
system consists PEX piping, insulation, PEX clamps, and various fittings. Figure 11 shows the hot water
supply subsection of the Solar Cal Poly final plumbing design
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Figure 11. Hot water supply subsystem Revit model

PEX Piping
Hot water PEX piping will consist of two sizes of pipe. First, a ¾” pipe will be used to run hot water from
the hot water heater in the utility room through the center of the house. Then, as the ¾” hot water
supply line passes appliances, ½” piping will be used to run from the ¾” pipe to individual ½” appliance
lines.

Insulation
Insulation will cover as many hot water pipes as possible. Significant energy losses result from the heat
transfer from hot water pipes to the local environment. Insulation is a cheap and effective way to
prevent this energy loss. Additionally, insulation will help prevent pipes from freezing when water is
stagnant.

PEX Clamps
PEX piping needs special considerations when being connected to fixtures. PEX clamps will allow ease of
assembly while still achieving required durability and functionality. All PEX piping will be secured to
fixtures using PEX clamps.

Fittings
Fittings on the hot supply line will also be kept to a minimum. Fittings will be used in several places.
When there needs to be an offshoot from the main line to supply a specific appliance with hot water, a
tee fitting will be utilized. ¾” to ½” Tees will be placed in three locations below the bathroom to supply
the shower, bathroom sink and washing machine. In order to allow for easier installation, the hot
offshoots will be kept close to the cold offshoots. This will allow the team to group the pipes in clusters.
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There will also be a single tee located in the island in the kitchen. This tee will split the main supply line
into two smaller ½” diameter supply lines to feed the kitchen sink and dishwasher. Because the house
layout has a gap of 6 inches between the back of the kitchen counter and the back of the dishwasher,
the team will be able to use another 90-Degree Bend Support to feed the inlet of the dishwasher.

Hot Water Lag Time Calculation
When the hot water lines don’t run for an extended period of time, the water past the hot water heater
cools down and becomes cold. The team will insulate the hot water lines to try to extend the life of the
hot water, but even with the insulation, the liquid will eventually lose its heat and become room
temperature. Because of this, a calculation was created to determine the amount of time required for
each appliance to receive hot water under worst case scenarios. This worst case scenario is when the
appliance in question is the only one running, creating the entire draw along the line. The results are
shown in the Table 10 below.
Table 10. Time required to provide hot water to each appliance assuming the worst case scenario.
Appliance

Hot
Flowrate

Length of ¾ inch
diameter line (ft)

Length of ½ inch
diameter line (ft)

Volume of line
to Appliance

Time Required
for Hot water

Shower

1.2 GPM

28.10

6

0.706 Gal

35.3 Sec

Bathroom
Sink

1.2 GPM

25.35

5

0.633 Gal

31.7 Sec

Washing
Machine

2.5 GPM

34.47

4

0.833 Gal

20.0 Sec

Kitchen Sink

1.2 GPM

47.85

3.5

1.136 Gal

56.8 Sec

Dishwasher

2.5 GPM

47.85

3.5

1.136 Gal

27.3 Sec

Because the team plans to insulate the hot supply lines, and that the competition takes place in the
warmer climate of Irvine, CA during the late summer, these times are within range and are acceptable. If
the competition took place in a colder environment, the system would have to be adjusted to be able to
provide hot water quickly.
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Pressure Drop Simulation

Figure 12. Hot water supply Revit simulation denoting pressure drop critical path.
In order to make sure that there wasn’t excess pressure drop throughout the system, a simulation was
created in Revit using models of the plumbing system to check maximum pressure drop. Excess pressure
drop can limit the volume and velocity of the water as it exits various fixtures. Many fixtures require a
certain amount of inlet pressure. The simulation determined the critical path, and its pressure drop. The
critical path is shown by the blue arrows overlaid on the Revit model in Figure 12. The corresponding
pressure loss is documented in Table 11.
Table 11. Hot Water Supply Pressure Loss Report.
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As shown, the critical path starts on the West end of the core and travels through the central main line,
than branches to the North side of the core to the Bathroom sink. This critical path experiences a
maximum pressure drop of only 14.50 psi, which when considered to our supply of 50 psi, doesn’t cause
any problems or concerns.

Return/Waste Lines
Description

Figure 13. Water return isometric diagram
To transport waste from the kitchen and bathroom to the septic tank, black and grey return/waste lines
will be constructed. These lines will run separate, but parallel to one another as shown in Figure 13. As
shown, the lines will run parallel to each other in two different places. Firstly below the main core of the
house and secondly below the deck located on the south end of the house. Additionally, septic pumps
will be integrated into the design. There will be a valve connecting the grey waste line to the black
waste line to allow diversion of the grey water into the septic tank if necessary.
The plumbing subsystem designed the return systems from the each appliance outlet back to their
respective black or grey water pump, and then from the exit of the black water pump back to the septic
tank. Solar Cal Poly water systems team designed the grey water pump and pump outlet piping.
Therefore, this report will document the grey water line design prior to the grey water pump.
Overall, the return lines consist of ABS piping, fittings, vents, and the black water septic pump.

ABS Piping
Two sizes of ABS piping will be used in the return lines. Within the walls, 2” lines will be used, including
vent piping and fixtures. No functional appliances have 3” waste outlets. Below the floor, these 2”
appliance waste lines will flow into 3” main return lines. These 3” lines will carry waste to the septic
pumps with a downward slope of ¼” drop per foot of travel. After each septic pump, the lines will
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convert into 1 ½ inch lines to be able to effectively integrate into the pump outlets. Both grey and black
lines will be set up in this fashion.

Fittings
Many of the functions of the return lines will be achieved through fittings. All appliance waste outlets
will be followed by p-traps. These fixtures use water to block septic air from permeating the house.
After each p-trap, return lines will be connected to air vents to vent pressure and encourage pipe flow.
Most T-fixtures will utilize sanitary tees to better direct return line flow. Cleanouts will be located at the
end of both the grey and black lines to help clear pipes as necessary. A valve will be located at the end of
the lines connecting the grey waste line to the black waste line to allow diversion of the grey water into
the septic tank if necessary.

Kitchen Island
The kitchen island presented a special challenge for the design. Kitchens have specific requirements
based on California plumbing code, and these requirements were incorporated into the design. The
team designed a special waste layout as shown below in figures 14 and 15-1. Several important design
choices are explained below.
The line that connects the outlet of the dishwasher to the rest of the system is made of flexible PEX
piping. It flows out of the bottom of the dishwasher and makes its way over to the drainage of the
kitchen sink, connecting with a sanitary tee just above the p-trap. The p=trap is then connected to one
of a pair of vertical pipes. This system of parallel vertical pipes allows for no flow to make its way up to
the opening of the vent system (shown by the black pipe). It also contains a small vent at the topmost
point of the parallel pipes which allows the p trap below the sink to be pressurized on both sides.

Figure 14. Kitchen island return assembly
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Vents
Vents regulate pressure and encourage pipe flow within return lines. There will be three separate vent
pipes branching off from appliances. These three will include vents from the bathroom sink, shower and
laundry machine. However, vent pipes are fairly intrusive in wall construction. We designed the
plumbing system to each vent would be able to merge above in the mechanical chase, as shown in the
special plumbing assembly drawing in figure 15 – 1 and figure 15-2. There will only be one vent leading
to the outlet on the roof within the return design. Rather than four separate vents, this one single vent
will allow for more structural wall strength within the Solar Cal Poly house during transport.
The roof vent was positioned on the northern end of the roof to make sure that its presence wouldn’t
have a negative effect of the solar panels. As seen above in figure 13, the vent system is also positioned
in such a way that it doesn’t conflict with the placement of the sprinkler system, HVAC system or any
structural members contained in the celling.

Figure 15. Plumbing North view, showing placement of waste lines, kitchen island makeup, and pipe
vent placement
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Black Water Line Septic Pump
Return lines require a minimum slope of ¼” drop in elevation for every 1’ of travel distance.
Unfortunately, Solar Cal Poly did not account for this in their floor layout. As such we cannot meet the
slope requirements with gravity alone. A Saniflo: Saniswift septic pump will need to be installed halfway
through the black return line, under the deck. This will pump the black return water vertically, than
push it horizontally below the deck and finally up and into the septic tank. Since the black water that will
need to be pushed into the septic tank only comes from two appliances (kitchen sink and dishwasher)
the pump didn’t need to be designed to any specific flowrate. It will turn on periodically to push the
return into the tank, but because of its limited use, the team designed it to be able to deal with the
vertical and horizontal push required.

Complete Combined Plumbing Layout
The complete combined layout is show in Figure 16. It is designed such that the pipes are contained
within the walls and don’t conflict with each other or the structural components of the house. The single
vent exits the house through the core’s ceiling, while the vast majority of the layout is also contained
within the core as well. This placement makes the assembly process easier and more streamlined, while
also allowing easier disassembly and transport.

Figure 16. Complete combined Solar Cal Poly plumbing layout
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Fire Suppression System
The fire suppression system is designed in accordance with the National Fire Protection Association
(NFPA) Standard 13D. “Standard for the Installation of Sprinkler Systems in One- and Two-Family
Dwellings and Manufactured Homes” 2013 Edition. The sprinkler system is a wet pipe branched
sprinkler system originating in the mechanical room. Other designs considered were looped, network,
and multi-purpose systems.
Because of the small size of the house we determined we could use a branched system instead of a
looped of network system. Both of these systems allow for greater water flow to the sprinklers by
providing multiple pathways for the water to reach each sprinkler. After consulting with Fire Protection
Graduate Student Aric Carracino and reviewing the NFPA 13D Standard we determined a looped or
network system was likely unnecessary for the house. A branched system is the simplest of the other
sprinkler systems and thus we hoped to utilize it for our house. Additionally, a branched system allowed
for greater ease of module assembly. The original proposed loop would be placed above the Core Break,
which means that the loop would need to be fully assembled in the upper core and separate connection
points to cross the core break into the lower core level and then again into the public and private living
space modules.
Protection from freezing was not required for our system because as per NFPA 13D section 9.1.1 a wet
pipe system without an antifreeze system is permitted when installed in areas maintained above 40ºF.
As the sprinkler system is completely within the footprint of the house the temperature will be
maintained above 40ºF for comfortable living conditions. Additionally the system can utilize ordinary
temperature residential sprinklers because the ceiling ambient temperature will be less than 100ºF, as
specified in NFPA 13D section 7.5.6.1.
From these design constraints we selected a Viking concealed pendent. The concealed pendant
sprinklers have a coverage of 16 X 16 feet when supplied with 13 gallons per minute (gpm) and 7 psi. We
selected the Viking concealed pendent sprinkler over the Viking flush pendent sprinkler and because for
of visibility and aesthetic concerns from the architecture team. The manufacturer data sheets for the
Viking sprinkler head can be seen in Appendix D.
As in the design development, to confirm the branched sprinkler system would effectively work for the
house the Prescriptive Pipe Sizing calculation given by the NFPA 13D was once again used and can be
seen in Appendix E. From this calculation the maximum pipe length for a 1” diameter PEX pipe could be
57 feet while the actual maximum pipe length for the system is 53 feet. However for this calculation for
the maximum pipe length included the pressure losses from the water service pipe and water meter
which for the design case of the competition are not relevant. Excluding these two pressure losses
results in a maximum pipe length of 95 feet. Thus the branched sprinkler system will provide sufficient
pressure to the fire sprinklers.
As per the technical documentation for the Viking VK457 concealed pendent sprinklers, at our design
flow and pressure the sprinklers have a coverage of 16 x 16 feet. This spacing complies with the code
specified in the Viking corporation document for the installation of the VK457 pendent in spaces with a
flat roof with a supply pressure equal to at least 7 psi. The sprinklers are fed by a 1 inch supply line that
branches off from the main cold water supply. This supply line branches from the house main
underneath the planter box located just south of the mechanical room. After the branch, a series of
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pressure gages, a backflow preventer valve, a waterflow alarm and drain and test are in the line. The
design of this valve block was by NFPA 13D recommendations as seen below in Figure 17.

Figure 17. Supply line piping and instrumentation diagram as provided by the NFPA 13D. This was used
to design the valve block in our plumbing system.
After the valve block, the sprinkler supply line runs under the floor of the core and branches up to two
access ports located behind the washing machine and behind the refrigerator. These access ports allow
connections to be made between the core module and the private and public living space modules. The
attaches to the main line in the mechanical room, runs upwards to the ceiling, and then travels to the 9
sprinkler heads contained in the residence. The architecture team decided to add a drop ceiling to
accommodate the lighting so the inter-joist construction discussed in the Chapter 3 and detailed in
Figure 7 is not required as the sprinkler lines will be strapped to the SIP panels and not reside in
between them.
We found a new fitting that successfully accomplished the 1” to ½” reduction from PEX to Female NPT
thread in one fitting. This fitting replaced the three part reduction from 1” to ½” threaded connection.
The final fire suppression design can be seen in Appendix B.
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Bill of Materials
The following Bill of Materials (Table 12) notes all equipment we expect to need for the project. This list
includes item descriptions, quantities, specification sheet location, manufacturer details, final pricing
and delivery information, sources, timing, and vendor contact information. We also included vendor
contact information for furture use during delivery if necessary. Specification sheets can be found in
Appendix C.
Table 12. Bill of Materials
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Chapter 5: Product Realization/Manufacturing Plan
The Solar Decathlon project team has a dedicated Construction Management team that has created a
construction plan. We have included this construction plan in Appendix F. We used this construction
plan as a basis for our plumbing construction plan. Our updated Gantt Chart can be seen in Appendix F.
As we are only one subsystem of the house we must be sure to complete each phase of our construction
on time so as not to delay the build.
Original Plan
Material Procurement Phase: To comply with the CM construction plan we will be ordering materials for
the plumbing system between 2/1/15 and 3/15/15.
Component Testing: Once we receive major components such as the Saniswift black water pump we will
perform initial testing to ensure they are functional before installation into the piping system. This will
occur as parts arrive between 2/1/15 and before installation beginning on 3/29/15.
Installation Phase: As a part of the sub-floor construction phase the cold water supply, hot water supply,
and return lines will be installed between 3/29/15 and 4/12/15. The fire suppression system will be
installed during the framing construction phase and the sprinkler lines are planned to be installed
between 4/20/15 and 5/11/15.
Updated Plan
Procurement was handled by the architecture department and by the contractor Meno, we submitted
our bill of materials and construction documents in a final construction plan to Meno on 6/1/15 and
they will be handling further procurement. For all our materials we have written short form specification
sheets, which can be seen in Appendix H, that specify requirements the contractor must abide by in
ordering and installing our parts.
After discussions between Cal Poly faculty and facilities it was determined that the students would not
be able to participate with the construction of the plumbing system due to liability. The students would
be able to oversee the construction of the system and would work closely with the contractor to ensure
the system was correctly built and installed. However due to delays in these discussions between
facilities and faculty, the construction plan was delayed from what we planned for in our Gantt Chart
and the Construction Management plan. Because of this most of the construction will be taking place
over the summer when we will no longer be involved with the project.
No parts will be manufactured specifically for this project.
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Chapter 6: Design Verification
In order to verify our design, a series of tests and procedures will be performed to effectively qualify the
system. A summary of these tests are shown in Table 13 below. This figure details the plumbing team’s
Design Verification plan and report (DVP&R). The DVP&R is used not only to specify the test description,
specification reference, and acceptance criteria, but also to detail the results of the test and whether or
not the outcome meets the desired specifications.
Table 13. Plumbing Design Verification Plan and Report (DVP&R)

The design verification plan includes 11 individual tests. Some of these focus on the sprinkler system
coverage and flow rate, while others are focused on determining the functionality and performance of
the hot and cold supply lines. The entire system will also be viewed and signed off by a professional
engineer to make sure that it follows all codes and regulations.
The timing of each individual test will be determined by its location in the construction management
schedule. Many of the supply and waste tests will take place during and following the subfloor
construction period (3/29/15 - 4/12/15). The sprinkler system will be tested during and following the
framing construction phase (4/20/15 - 5/11/15). Smaller sub components such as the Saniswift black
water return pump will be tested after it arrives on site (2/15/15 - 3/15/15). Because the pump does not
require an entire assembly for its testing, the testing phase will be more effective and will occur before
the subfloor is finished.
However due to the construction delays, our procurement was shifted back and we did not have any
parts to test so we did not perform any tests.
Another useful resource that will be utilized during the Design Verification phase will be the Potential
Failure Mode and Effect Analysis (Design FEMA) which is shown in Appendix A. The Design FMEA lists all
of the potential failure modes that could potentially occur to the system and the recommended action
to counteract the failure. It also lists the potential causes of specific issues. If a failure occurs during the
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build and testing phase, the plumbing team will be able to troubleshoot the problem with the help of
this document.
For example, if particulates are found in the water supply during testing if could mean a few things are
happening. First, there could be corrosion occurring in the pipes or fixtures. Second, there could be
corrosion effecting the pumps. Using the FMEA sheet, the team will be able to quickly jump from
symptoms to potential causes, to solution. If used properly, this troubleshoot technique could help
avoid a catastrophic failure in the case of particulates in the water, an eventual effect could be
equipment failure or pipe rupture. The FEMA will also be useful because it measures the occurrence
probability and the criticality of potential failure modes. If the failure mode in question is very critical
(Equipment failure caused by cavitation) the team will act more quickly to counteract the problem if it
begins to occur.
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Chapter 7: Conclusions and Recommendations
Conclusion
The final product was not completed in the time allotted. After discussions between Cal Poly faculty and
facilities it was determined that the students would not be able to participate with the construction of
the plumbing system due to liability. The students would be able to oversee the construction of the
system and would work closely with the contractor to ensure the system was correctly built and
installed. However due to delays in these discussions between facilities and faculty, the construction
plan was delayed around a period of ten weeks from what we planned for in our Gantt Chart and the
Construction Management plan. The contingency plan is to complete the build portion of the project
during the summer before the competition in October 2015.
During this summer period a team of student construction managers and private contractors will build
the entire house. This will include the building, integration and testing of the plumbing system as
specified by the content and construction documentation provided by this report. Because all three of
the plumbing team members will be receiving full time employment away from San Luis Obispo, they
will be contacted via phone to specify any design choices or testing protocols that need further
explanation and or documentation.

Recommendations
The project was designed based on the requirement that the house could function during the course of
the Department of Energy competition. Therefore we designed the plumbing layout to work while the
house was built, broken down into sections, transported by truck, and finally repositioned on a concrete
parking lot for competition. This created multiple problems that wouldn’t be issues for a normal
stationary house built on the ground. The most important effect on the design was the addition of two
intermediate pumps in the return system that pushed the waste water from the house to the septic tank
and the constructed wetlands.
This added components that are unnecessary for normal houses. When the project is completed and the
house is sold to a private buyer, it will be positioned on a private lot and therefore the return plumbing
will be either integrated into the city’s sewer system, or if the house is positioned far away from the
cities plumbing system, a larger stationary septic tank. This would allow both the grey and black return
lines to be dug into the ground, allowing for the return to be powered by gravity. This would remove an
expensive component (the pumps) while simultaneously removing the added maintenance and
operation costs associated with running the pumps.
The grey water pump could still be integrated into the design if the home owner wanted to keep the
constructed wetlands component of the home in its existing form. However, depending on the layout of
the plot of land, this added use of energy could be removed.
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APPENDIX A – Design Documents
Pipe Material Pros and Cons
Material
PVC (Polyvinyl Chloride
Pipe)

Pros

Cons

•
•
•
•
•
•

CPVC (Chlorinated Polyvinyl
Chloride Pipe)

•
•
•
•
•
•
•

PEX (Polyethylene Pipe)

•
•
•
•
•
•

Copper

•
•
•
•

Used to transport high pressure water
Size ranges from ½ inch to 4 inch
diameter
Low cost
Glue connections
Corrosion resistant
Strong

•

Can only transport cold water (<
140 °F1) 8

More flexible and thinner than PVC
Moderate cost
Handles both hot and cold water
Small outer diameter (equal to copper
pipe)
Glue connections
Corrosion resistant
Strong

•

More expensive than PEX

Higher heat resistance than most other
plumbing pipe
Flexible and easy to assemble
Often used in water based heating
systems
Moderate cost
White, blue and red colors available
Higher flexibility leads to less required
fixtures
o Lower minor head loss

•

More expensive than PVC

Most common type of piping used in
residential homes
High resistance to corrosion and high
temperature
Long life
Come in rigid and flexible subtypes

•

More expensive than plastic
piping (PEX, PVC, CPVC)
Most difficult assembly, requiring
soldered fittings

•

Stainless Steel

•
•

Long life (50 years)
Highly resistant to corrosion,
temperature and salt water

•

Most expensive material

ABS (Acrylonitrile butadiene
styrene)

•

Used in drain-waste-vent pipe systems
and sewer systems
Highly durable with high impact
strength
Higher impact strength than PVC

•

Can deform under direct sunlight

•
•

"Temperature Limitations." Temperature Limitations. N.p., n.d. Web. 10 Nov. 2014.
<http://www.harvel.com/technical-support-center/engineering-design-data/temperature-limitations>.
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Quality Function Development
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Design Verification Plan and Report

49

Design Failure Mode and Effect Analysis
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51
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Plumbing Second Design Iterations
This appendix details the second design iteration that the plumbing subsystem generated
during the design process. These designs were heavily utilized in the design of the Current
Revit model.

Hot and Cold Supply Diagram

53

Kitchen Sink and Dishwasher Return and Vents Schematic

54

Bathroom Return and Vents Schematic
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Plumbing Third Design Iteration

56
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Fire Suppression First Design Iteration

58

Fire Suppression Looped Design Iteration
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APPENDIX B – Construction Documents
Plumbing Site Plan

60

Domestic Hot Water Supply Diagram

61

Domestic Cold Water Supply Diagram

62

Domestic Water Isometrics and Details

63

Domestic Water Return Site Plan

64

Domestic Supply P&ID

65

Fire Suppression Site Plan

66

Fire Suppression Isometric

67

Structural Plans
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APPENDIX C – Vendor List and Contact Information
Home Depot
http://homedepot.com
1-805-596-0857

Rheem
http://www.rheem.com

Saniflo
http://www.saniflo.com
1-800-571-8191

SharkBite
http://www.sharkbite.com
1-877-700-4242

Viking
http://www.vikinggroupinc.com
1-800-968-9501
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APPENDIX D – Manufacturer Specification Sheets
Rheemglas Fury
ff

71

Saniflo Saniswift
fsom ff

72

73

74

75

76

77

78

SharkBite Barb Connection System

79

80

SharkBite Engineering Specification
f

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

Tyco Flush Horizontal Sidewall Sprinkler
f

115

116

117

118

119

Viking VK476 Flush Pendent Sprinkler

120

121

122

123

Viking VK457 Concealed Pendent Sprinkler

124

125

126

127

128

129

Viking Waterflow Alarm

130

131

132

133

134

135

136

Plumber’s Installation Handbook

ff
137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

Insulation Info sheet
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APPENDIX E - Calculations
Supply Pressure Drop Calculation

162

163

164

Fire Protection Prescriptive Pipe Sizing Calculation – First Iteration Design
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Fire Protection Hazen-Williams Pressure Loss Calculation – First Iteration Design
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167

168

169

Fire Protection NFPA 13D Prescriptive Pipe Sizing Calculation – Looped Design
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Fire Protection NFPA 13D Prescriptive Pipe Sizing Calculation – Final Design

NFPA 13D Calculation Worksheet (for 10.4.9.2)
Preliminary Information
Sprinkler model (SIN #): VK457
Listed area: 16’ x 16’

Listed flow: 13 gpm

Listed pressure: 7.0 psi

Total demand flow: 26 gpm (twice listed flow)
Calculation
Step 1 – Water pressure in street or from pump at demand flow:
Step 2 – Pressure loss in water service pipe (Table 10.4.9.2 (a)):

60 psi
13.2 psi

*Note that for the competition configuration this pressure loss will not be present
Step 3 – Pressure loss from meter (Table 10.4.3 (a)):

3 psi

*Note that for the competition configuration there in no water meter
Step 4 – Pressure loss from pressure reducing valves, backflow preventers, water softeners, and
water filters (obtain from manufacturer):
8 psi
Step 5 – Pressure loss due to elevation [use elevation change in feet between the place where
pressure in Step 1 was measured and the highest sprinkler in the home with Table
10.4.9.2 (b):
4.4 psi
Step 6 – Required pressure at remote sprinkler (see preliminary data):

7.0 psi

Step 7 – Calculate available pressure by subtracting the pressure in Steps 2,3,4,5, and 6 from the
pressure in Step 1:
24.4 psi
Step 8 – Check which table you are using for the pipe in the system:
 Table 8.4.10.1(i) for 1-in. PEX tube
Using table checked above and pressure from step 7, maximum pipe length:
Summary
Are all sprinklers within length of Step 8?

 Yes □ No

57 ft

Actual Furthest Length: 53 ft

For sprinkler design detailed in sheets F-102 and F-501. Note that for competition the water
meter and water service pipe pressure losses are not present so for this condition the maximum
pipe length will be 95 ft, more than adequate.
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Cold Water Supply Line Sizing Calculation
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Water Hammer Calculation
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Time to Receive Hot Water Calculation

174

Thermal Conductivity of Pipe

175

Pipe Sizing Hand Calculation by Velocity
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APPENDIX F – Gantt Chart

177
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APPENDIX G – Reference Construction Documents
Plumbing plans and diagrams for Team Austria, Czech Technical University, and Team Las
Vegas respectively.

Team Austria (Vienna University of Technology): Domestic Supply Diagram

Team Austria (Vienna University of Technology): Domestic Return Diagram
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Czech Technical University: Domestic Supply Diagram

Czech Technical University: Domestic Return Diagram
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Team Las Vegas (University of Nevada, Las Vegas): Domestic Supply Diagram

Team Las Vegas (University of Nevada, Las Vegas): Domestic Return Diagram
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APPENDIX H – Short Form Specification Sheets
Fire Suppression System
SECTION 21 00 00
FIRE SUPPRESSION
PART 1 GENERAL
1.1

1.2

1.3

SUMMARY
A.

Provide fire suppression systems.

B.

Maintain fire alarm system in operation during construction.

C.

Coordinate with Owner's room uses to provide adequate system for all contract areas.

D.

Coordinate location of fire protection systems to avoid interference with location of
designated lighting fixture locations. Notify Owner prior to construction of conflicts, which
cannot be resolved.

SUBMITTALS
A.

Product Data: Submit manufacturer's product data and installation instructions for each
material and product used.

B.

Shop Drawings: Submit shop drawings indicating material characteristics, details of
construction, connections, and relationship with adjacent construction.

C.

Operation and Maintenance Data: Submit manufacturer's operation and maintenance data,
including operating instructions, list of spare parts and maintenance schedule.

QUALITY ASSURANCE
A.

Comply with governing codes and regulations. Provide products of acceptable
manufacturers, which have been in satisfactory use in similar service for three years. Use
experienced installers. Deliver, handle, and store materials in accordance with
manufacturer's instructions.

B.

Provide complete sprinkler coverage per NFPA 13D.

C.

Sprinklers utilizing non-metal parts in the sealing portion of the sprinkler are strictly
prohibited. Residential concealed sprinklers shall have a ½" NPT, a nominal K Factor of 4.9,
and shall be cULus Listed with an operating temperature of 165°F.

PART 2 PRODUCTS
2.1

MATERIALS
A.

Fire Suppression Systems:
1.
Manufacturers, Piping, Valves and Fittings: Sharkbite, Apollo
2.
Manufacturers, Fire Suppression Sprinklers: Viking
3.
Manufacturers, Alarms, Meters and Gages: Viking, Everbilt
4.
Application: Water-based system.
5.
Application: Sprinkler system.
6.
Sustainable Design: Optimize energy performance.
7.
Sustainable Design: Energy efficient equipment and fixtures.
8.
Sustainable Design: Commissioning.
9.
Type: Fire-suppression sprinkler systems.
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a.

10.

11.

Wet-pipe.
1)
Sharkbite Model U880W300 (1” Pex piping)
b.
Residential concealed pendent sprinkler head.
1)
Viking SIN VK457 (Base Part Number 14694A-X)
2)
Viking Model 135D4MA/W (White cover plate)
Components: Sole Sources
a.
Waterflow alarm.
1)
Viking Model VSRF0100
b.
Ball valves, check valves, and drain valves.
1)
Apollo Model 4ALF-105-A2F (1” Double check valve assembly)
2)
Sharkbite Model 22463LF (1” Ball valve)
3)
Sharkbite Model 22306-0000LF (1” Ball valve with drain)
c.
Piping, fittings, and joints.
1)
Sharkbite Model UC260LFA (1” Elbow)
2)
Sharkbite Model UC374LFA (1” Tee)
3)
Sharkbite Model UCF168U (1” PEX x 1/2” FNPT Elbow)
4)
Sharkbite Model UC140LFA (1” Male thread adapter)
Components: Suitable for service.
a.
Pipe hangers and supports.
b.
Meters and gauges

PART 3 EXECUTION
3.1

INSTALLATION
A.

Install materials and systems in accordance with manufacturer's instructions and approved
submittals. Install materials in proper relation with adjacent construction and with uniform
appearance for exposed work. Coordinate with work of other sections. Comply with
applicable regulations and building code requirements.

B.

Fire sprinklers installed in the residential occupancy shall be of a listed residential type.
Residential sprinklers shall be installed in conformance with the manufacturer's installation
guidelines and the applicable installation standard. Sprinklers shall be of all brass frame
construction with a fusible link type operating element and a metal Belleville spring seal,
coated on both sides with Teflon film.

C.

The concealed pendent sprinkler shall be installed with an adapter and a push-on, thread-off
cover assembly, with 1/2" of adjustment, and a 2-3/4” or 3-5/16” diameter.

D.

The residential concealed sprinkler will have a white finish cover plate.

E.

Wet type fire sprinkler systems shall be equipped with the means to provide an alarm when
a waterflow condition exists. This shall be accomplished through the provision of a vane or
paddle type waterflow switch affixed to the system riser. Water vane type switch shall be
labeled as to the correct orientation of flow when mounted on system piping. If drilling of the
system riser is necessary to mount flow switch, the drilled out disc shall be retrieved and
attached to the mounting u-bolt of the flow switch. The vane type flow switch shall be
equipped with an adjustable delay of audible alarm initiation and be UL Listed and Factory
Mutual Approved for its intended use. Adjustment range shall be from 0 to 90 seconds.

F.

Using the PEX plastic tubing cutters to cut the tubing to length, making sure that you have a
good square cut. Slide the correct size Sharkbite® clamp or crimp ring over the tube
approximately 2" past the end of the tubing. Push the tubing onto the Sharkbite® barbed
fitting until it touches the fitting shoulder. Position the clamp or crimp ring 1/8"-1/4" from the
end of the tube. When making clamp connections, position the open jaws of the Clamp Tool
over the raised tabs of the Clamp ring and squeeze. Verify the connection is secure by
visually checking the clamp tab. Make Crimp connections by placing the jaws of the Crimp
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Tool over the copper crimp ring and squeezing until the jaws close completely. Verify that
the connection is secure using the go/no-go gauge.
G.

The tube shall be inserted into the SharkBite® push-fit fitting in the first stage through a
release collar and then through a stainless steel grab ring. The grab ring has teeth that open
out and grip onto the tube. At the second stage the tube shall be pushed through an O-ring
protector which aligns the tube. A specially formulated EPDM O-ring shall be compressed
between the wall of the fitting and the tube before the end of the tube reaches the tube stop.
Only when the tube has passed through the O-ring and reached the tube stop shall a secure
joint be created. The fitting shall be a SharkBite® push-fit fitting.

H.

System shall be plumbed using SharkBite® Tubing cross-linked polyethylene pipe and all
joints shall be made using SharkBite® push-fit fittings or brass Cash Acme barbed fittings
with clamps. Tubing and fittings shall be installed as outlined in the SharkBite® PEX
installation manual.

I.

Center ceiling-mounted elements in center of ceiling tiles as applicable.

J.

Clearly label all valves and components.

K.

Restore damaged finishes. Test all systems for proper operation in accordance with NFPA
13, 14, and 20. Clean and protect work from damage.

L.

Instruct Owner's personnel in proper operation of systems.
END OF SECTION
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Plumbing Piping
SECTION 22 00 00
PLUMBING
PART 4 GENERAL
4.1

SUMMARY
A.

4.2

4.3

Provide plumbing systems.

SUBMITTALS
A.

Product Data: Submit manufacturer's product data and installation instructions for each
material and product used.

B.

Operation and Maintenance Data: Submit manufacturer's operation and maintenance data,
including operating instructions, list of spare parts and maintenance schedule.

QUALITY ASSURANCE
A.

Comply with governing codes and regulations. Provide products of acceptable
manufacturers, which have been in satisfactory use in similar service for three years. Use
experienced installers. Deliver, handle, and store materials in accordance with
manufacturer's instructions.

B.

Coordinate with Owner's room uses to provide adequate system for all contract areas.

C.

Coordinate location of plumbing systems to avoid interference with location of structure and
other building systems. Notify Owner prior to construction of conflicts, which cannot be
resolved.

PART 5 PRODUCTS
5.1

MATERIALS
A.

Plumbing Systems:
1.
Manufacturers, Piping, Valves and Fittings: Sharkbite, VPC, JM Eagle
2.
Type: Plumbing pipes and pumps.
a.
Sharkbite Model U880B100
b.
Sharkbite Model U870B100
c.
Sharkbite Model U860I100
d.
Sharkbite Model U870R100
e.
Sharkbite Model U860I100
f.
JM Eagle Model 57737
g.
VPC Model 1202
3.
Components: Suitable for service.
a.
Piping.

PART 6 EXECUTION
6.1

INSTALLATION
A.

Install materials and systems in accordance with manufacturer's instructions and approved
submittals. Install materials in proper relation with adjacent construction and with uniform
appearance for exposed work. Coordinate with work of other sections. Comply with
applicable regulations and building code requirements.

B.

Support piping properly. Pitch to drain points. Install with pipe expansion loops, mechanical
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expansion joints, and anchors.
C.

Install shutoff valves on each piece of equipment on both hot and cold water supply.

D.

Clearly label all valves and components.

E.

Sterilize water distribution system. Flush and test all systems for proper operation. Adjust
system to prevent water hammer.

F.

Restore damaged finishes. Clean and protect work from damage.

G.

Instruct Owner's personnel in proper operation of systems.
END OF SECTION
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Plumbing Insulation
SECTION 22 07 00
PLUMBING INSULATION
PART 7 GENERAL
7.1

SUMMARY
A.

7.2

7.3

Provide insulation for plumbing piping and equipment.

SUBMITTALS
A.

Product Data: Submit manufacturer's product data and installation instructions for each
material and product used.

B.

Operation and Maintenance Data: Submit manufacturer's operation and maintenance data,
including operating instructions, list of spare parts and maintenance schedule.

QUALITY ASSURANCE
A.

Comply with governing codes and regulations. Provide products of acceptable
manufacturers, which have been in satisfactory use in similar service for three years. Use
experienced installers. Deliver, handle, and store materials in accordance with
manufacturer's instructions.

PART 8 PRODUCTS
8.1

PRODUCTS
A.

Plumbing Insulation:
1.
Manufacturers: Armacell, Pratt Retail Specialties
2.
Application: Secure insulation and protection of PEX piping.
3.
Sustainable Design: Utility efficient equipment and fixtures.
4.
Sustainable Design: Commissioning.
5.
Insulation Materials: Type suitable for service.
6.
Fire Performance: Type suitable for service.
7.
Vapor Barrier: Type suitable for service.

PART 9 EXECUTION
9.1

INSTALLATION
A.

Install materials and systems in accordance with manufacturer's instructions and approved
submittals. Install materials in proper relation with adjacent construction and with uniform
appearance for exposed work. Coordinate with work of other sections. Comply with
applicable regulations and code requirements. Provide proper clearances for servicing.

B.

Restore damaged finishes. Clean and protect work from damage.
END OF SECTION
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Plumbing ABS Fixtures
SECTION 22 41 16
PLUMBING FIXTURES
PART 10 GENERAL
10.1 SUMMARY
A.

Provide plumbing fixtures and trim.

10.2 SUBMITTALS
A.

Product Data: Submit manufacturer's product data and installation instructions for each
material and product used.

B.

Operation and Maintenance Data: Submit manufacturer's operation and maintenance data,
including operating instructions, list of spare parts and maintenance schedule.

10.3 QUALITY ASSURANCE
A.

Comply with governing codes and regulations. Provide products of acceptable
manufacturers, which have been in satisfactory use in similar service for three years. Use
experienced installers. Deliver, handle, and store materials in accordance with
manufacturer's instructions.

B.

Standards:
1.
Materials, Products, and Installation: ASME B31.9.
2.
Plastic Piping Components: NSF 14.

C.

Compliance: ANSI A117.1 and local regulations.

D.

Accessibility Requirements: ADAAG and local requirements.

PART 11 PRODUCTS
11.1 MATERIALS
A.

Plumbing Fixtures:
1.
Manufacturers: Oatey, Nibco
2.
Application: Return of water from various appliances within the house in question.
Secure and safe connection of sections of ABS piping.
3.
Sustainable Design: Utility efficient equipment and fixtures.
4.
Sustainable Design: Commissioning.
5.
Plumbing Fixtures:
a.
Water Closets: Suitable for service required.
b.
Lavatories: Suitable for service required.
c.
Sinks: Suitable for service required.
d.
Service Sinks: Suitable for service required.
e.
Showers: Enclosure material, receptor material, shower door, fittings.
f.
Toilet Seats: Compatible with water closet.
g.
Flushometers: Water closet and urinal types.
h.
Commercial/Residential Faucets: Cast-brass and cast-brass underbody
faucets.
i.
Residential/Light Commercial Faucets: Nonmetal underbody faucets.
j.
Bath/Shower Pressure Balance Faucets: Single-lever type.
k.
Bath/Shower Thermostatic Mixing Valve Faucets: Single-lever type.
l.
Shower Receptors: Terrazzo or molded stone type.
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Sensor-Operated Faucets and Devices: Automatic operating units.
Fittings, Except Faucets: Supplies, stops, traps, wastes, and escutcheons.
Supports: ASME A112.6.1M.
Hot Water Dispensers: ASSE 1023 instant on-off control.
Disposers: Continuous feed type food waste disposer, UL 430.
Water Filters: Replaceable cartridge type.

PART 12 EXECUTION
12.1 INSTALLATION
A.

Install materials and systems in accordance with manufacturer's instructions and approved
submittals. Install materials in proper relation with adjacent construction and with uniform
appearance for exposed work. Coordinate with work of other sections. Comply with
applicable regulations and code requirements. Provide proper clearances for servicing.

B.

Support piping properly. Pitch to drain points. Install with pipe expansion loops, mechanical
expansion joints, and anchors.

C.

Maintain indicated fire ratings of walls, partitions, ceilings and floors at penetrations. Seal
with firestopping to maintain fire rating.

D.

Clearly label and tag all components.

E.

Test and balance all systems for proper operation.

F.

Restore damaged finishes. Clean and protect work from damage.

G.

Instruct Owner's personnel in proper operation of systems.
END OF SECTION
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Plumbing PEX Fixtures
SECTION 22 41 16
PLUMBING FIXTURES
PART 13 GENERAL
13.1 SUMMARY
A.

Provide plumbing fixtures and trim.

13.2 SUBMITTALS
A.

Product Data: Submit manufacturer's product data and installation instructions for each
material and product used.

B.

Operation and Maintenance Data: Submit manufacturer's operation and maintenance data,
including operating instructions, list of spare parts and maintenance schedule.

13.3 QUALITY ASSURANCE
A.

Comply with governing codes and regulations. Provide products of acceptable
manufacturers, which have been in satisfactory use in similar service for three years. Use
experienced installers. Deliver, handle, and store materials in accordance with
manufacturer's instructions.

B.

Standards:
1.
Materials, Products, and Installation: ASME B31.9.
2.
Plastic Piping Components: NSF 14.

C.

Compliance: ANSI A117.1 and local regulations.

D.

Accessibility Requirements: ADAAG and local requirements.

PART 14 PRODUCTS
14.1 MATERIALS
A.

Plumbing Fixtures:
1.
Manufacturers: Sharkbite, Homewerks Worldwide
2.
Application: Supply of water to various appliances within the house in question.
Secure and safe connection of sections of PEX piping.
3.
Sustainable Design: Utility efficient equipment and fixtures.
4.
Sustainable Design: Commissioning.
5.
Plumbing Fixtures:
a.
Water Closets: Suitable for service required.
b.
Lavatories: Suitable for service required.
c.
Sinks: Suitable for service required.
d.
Service Sinks: Suitable for service required.
e.
Showers: Enclosure material, receptor material, shower door, fittings.
f.
Toilet Seats: Compatible with water closet.
g.
Flushometers: Water closet and urinal types.
h.
Commercial/Residential Faucets: Cast-brass and cast-brass underbody
faucets.
i.
Residential/Light Commercial Faucets: Nonmetal underbody faucets.
j.
Bath/Shower Pressure Balance Faucets: Single-lever type.
k.
Bath/Shower Thermostatic Mixing Valve Faucets: Single-lever type.
l.
Shower Receptors: Terrazzo or molded stone type.
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Sensor-Operated Faucets and Devices: Automatic operating units.
Fittings, Except Faucets: Supplies, stops, traps, wastes, and escutcheons.
Supports: ASME A112.6.1M.
Hot Water Dispensers: ASSE 1023 instant on-off control.
Disposers: Continuous feed type food waste disposer, UL 430.
Water Filters: Replaceable cartridge type.

PART 15 EXECUTION
15.1 INSTALLATION
A.

Install materials and systems in accordance with manufacturer's instructions and approved
submittals. Install materials in proper relation with adjacent construction and with uniform
appearance for exposed work. Coordinate with work of other sections. Comply with
applicable regulations and code requirements. Provide proper clearances for servicing.

B.

Support piping properly. Pitch to drain points. Install with pipe expansion loops, mechanical
expansion joints, and anchors.

C.

Maintain indicated fire ratings of walls, partitions, ceilings and floors at penetrations. Seal
with firestopping to maintain fire rating.

D.

Clearly label and tag all components.

E.

Test and balance all systems for proper operation.

F.

Restore damaged finishes. Clean and protect work from damage.

G.

Instruct Owner's personnel in proper operation of systems.
END OF SECTION
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